Objective: To determine if (1) evoked potentials elicited by amplified speech sounds (/si/ and /͐i/) can be recorded reliably in individuals, (2) amplification alters neural response patterns, and (3) different amplified speech sounds evoke different neural patterns.
INTRODUCTION
The degree of benefit a person receives from a hearing aid varies widely across individuals (Benson, Clark, & Johnson, 1992; Boothroyd, Springer, Smith, et al., 1988; Yund & Buckles, 1995) . Less than 60 percent of surveyed hearing aid users report being satisfied with their hearing aids (Kochkin, 2001) . Despite much research focusing on hearing aid technology and how the device might be modified to ensure better use, it is still unclear why two individuals with the same configuration of hearing loss demonstrate significantly different improvements in speech understanding with similar hearing devices.
A potential source of performance variability might lie in the central auditory system (CAS). The CAS encodes spectral and temporal cues necessary for speech perception (Eggermont, 1995 (Eggermont, , 1999 Steinschneider, Volkov, Noh, et al., 1999) . Hearing aids modify the inherent spectral and temporal variations of a speech signal, and these processed signals might alter neural response patterns in the CAS. For this reason, it is important to understand the effects of amplification on central auditory representation of amplified speech sounds and how these neural patterns contribute to perception.
Cortical evoked potentials reflect the neural detection of acoustic cues that are important for speech perception; therefore, they are potentially useful for examining the neural representation of amplified speech. The N1-P2 complex is an evoked potential that can be used for this purpose. The complex is made up of N1, a negative peak occurring approximately 100 msec after stimulus presentation, and P2, a positive peak occurring approximately 200 msec after stimulus presentation. These waveforms are thought to represent the synchronous neural activity of structures in the thalamic-cortical segment of the central auditory system. The time after stimulus presentation, or latency, is recorded in milliseconds and reflects neural travel time. The N1 component, also described as N1b when recorded from vertex, is an onset response (Hyde, 1997; Naatanen & Picton, 1987; Vaughan & Ritter, 1970; Wolpaw & Penry, 1975) . It can be elicited by clicks, tones, and speech sounds.
Multiple overlapping N1-P2 cortical responses can be seen when evoked by naturally produced speech sounds. As an example, Figure 1 shows multiple responses evoked by the speech stimulus /͐i/, as in shee, in normal-hearing listeners Tremblay, Friesen, Martin, et al. (2003) . The first N1 response signals the change in acoustic energy (from silence to sound) coinciding with the onset of the consonant (peak 1). The second N1 (peak 2) reflects a change in acoustic energy corresponding to the onset of the vowel. When multiple acoustic changes are detected, as is often the case when using complex stimuli such as naturally produced speech sounds, this collection of cortical responses is called the Acoustic Change Complex (ACC; Martin & Boothroyd, 1999) . The ACC has been used to study the neural detection of consonant-vowel (CV) transitions (Kaukoranta, Hari, & Lounasamaa, 1987 , Ostroff, Martin, & Boothroyd, 1998 , periodicity changes (Martin & Boothroyd, 1999) , and amplitude envelope and spectral content variations (Martin & Boothroyd, 2000) .
Cortical evoked potentials, such as the N1 response, show deviations in waveform morphology that are associated with poor speech perception [e.g., simulated hearing loss (Martin, Kurtzberg, & Stapells, 1999; Martin, Sigal, Kurtzberg, et al. 1997) , sensorineural hearing loss (Oates, Kurtzberg, & Stapells, 2002; Tremblay, Piskosz, & Souza, 2003) , auditory neuropathy (Kraus, Bradlow, Cheatham, et al., 2000) , and aging (Tremblay, Souza, & Piskosz, 2002 Tremblay, Billings, & Rohila, 2004) ]. In addition, cortical potentials reflect training-related changes in neural activity coinciding with improved perception, after speech sound training (Tremblay, Kraus, McGee, et al., 2001; Tremblay & Kraus, 2002a) . For these reasons, there is interest in using evoked potentials to learn more about the brainbehavior relationship in people with communication disorders, including those who wear hearing aids.
In this study, we set out to examine the effects of amplification on central auditory representation of amplified speech sounds. We used the ACC to examine the neural representation of amplified speech sounds /si/ as in see, and /͐i/ as in shee. These stimuli were chosen because listeners with high-frequency hearing loss often find fricatives to be among those sounds that are difficult to perceive (Bilger & Wang, 1976; Owens, 1978; Owens, Benedict, & Schubert, 1972) . Although /si/ and /͐i/ share some acoustic characteristics, they differ in that the fricative portion of /͐i/ contains lower spectral energy and is shorter in duration than the fricative portion of /si/. Because of these acoustic differences, it is not surprising that /si/ and /͐i/ evoke different neural response patterns in normal-hearing listeners (Tremblay, Friesen, Martin, et al., 2003) . Figure 2 shows that the N1 response signaling the onset of the consonant is larger in amplitude for /si/ when compared with /͐i/. In addition, the response to the vowel portion in /͐i/ occurs approximately 30 msec earlier than the response to the vowel in /si/. This 30-msec difference is consistent with the vowel onset differences visible in the acoustic waveforms (Figure 3) .
Depending on the device setting, hearing aids alter the spectral and temporal content of a speech signal (Figure 4 ). For example, many hearing aids have a limited high-frequency response. If the bandwidth of a speech signal extends into higher frequency regions than the hearing aid is capable of processing, critical spectral information will be lost Boothroyd & Medwetsky, 1992; Stelmachowicz, Kopun, Mace, et al., 1995) . In the case of /s/, the prominent spectral peak can vary from 2.9 kHz to 8.9 kHz. If a hearing aid has an upper frequency limit of 6 kHz, acoustic information above 6 kHz will not be amplified, potentially making the frequency content more similar to /͐/. Even when hearing aids are capable of amplifying higher frequencies, this process alters timing cues. For example, hearing aids alter the intensity relationship between consonants and vowels, resulting in a decreased CV ratio and altered temporal envelope (Van Tasell, 1993) . Hearing aids can also blur the boundary between the aperiodic noise of consonants and the onset of voiced vowels, making these transitions less distinct (Stelmachowicz, Kopun, Mace, et al., 1995) . Because neurons typically fire optimally in response to abrupt changes in acoustic energy, acoustic alterations (such as blurred CV transitions) might compromise neural synchrony and adversely affect perception in some hearing aid users.
To date, little is known about the effects of amplification on the central auditory representation of speech. A few studies have used amplified speech sounds to evoke cortical responses (Gravel, Kurtzberg, Stapells, et al., 1989; Korczak, Kurtzberg, & Stapells, 2005; Kurtzberg, 1989) , but characteristics of the modified speech stimulus waveform were not reported. Therefore, little is known about the amplified signal and its contribution to the neural response pattern. Furthermore, the purpose of these studies was to examine effects of audibility by comparing unaided and aided waveforms in hearing-impaired individuals; however, because cortical potentials are sensitive to peripheral pathology, it is difficult to separate the effects of hearing loss and amplification on neural response patterns. In this study, we examine these effects in normal-hearing participants to more precisely determine the effects of amplification.
If it can be shown that modifying a hearing aid setting generates a modified neural response, then a new line of research linking altered acoustic input to modified neural response patterns may be indicated.
Because neurophysiological changes can occur before perceptual changes (Tremblay, Kraus, & McGee, 1998) , it might be possible to manipulate hearing aid settings in a way that optimizes neural response patterns and, in turn, improves perception.
However, before cortical evoked potentials can be used to assess the neural representation of amplified speech sounds and changes in neural activity, it is first necessary to determine if they can be recorded reliably in individuals when evoked by amplified speech sounds. This is especially important because aided evoked potentials need to be recorded in sound field. If these responses are stable from one recording session to another, we can then expect that any significant alteration in waveform morphology reflects changes in neural activity (related to hearing aid adjustments or other interventions) and not test-retest variability. Therefore, in this study we examined the output of the hearing aid as well as the neural response patterns evoked by normal-hearing listeners to determine if (1) evoked potentials elicited by amplified speech sounds (/si/ and /͐i/) can be recorded reliably in individuals, (2) amplification alters neural response patterns, and (3) different amplified speech sounds evoke different neural patterns.
METHODS

Procedure
Subjects participated in two sessions (test and retest) conducted within an 8-day period. During each session, each individual was tested in an unaided and aided condition using both /si/ and /͐i/ stimuli. Order of testing was counterbalanced. To control for device settings, the same two hearing aids were used for all participants.
Subjects
To separate the effect of amplification from hearing loss, seven normal-hearing native English speakers (23 to 31 years; four females and three males) participated in this experiment. Auditory thresholds fell within normal limits bilaterally (Ͻ25 dB HL) across frequencies of 250 to 8000 Hz. Tympanometric findings also fell within normal limits (ASHA, 1990) . These were the same individuals that participated in our earlier study (Tremblay, Friesen, Martin, et al., 2003) .
Stimuli
Naturally produced CV syllables (female speaker) from the UCLA Nonsense Syllable Test were used (Dubno & Schaefer, 1992) . Similar to our previous study (Tremblay, Friesen, Martin, et al., 2003) , /si/ and /͐i/ were used to evoke the cortical responses. Stimulus durations are 654.98 msec for /͐i/ and 756.30 msec for /si/. Through the use of Pratt© software, formant values for /͐i/ measured F1 ϭ 341, F2 ϭ 2621, F3 ϭ 3312, and F4 ϭ 4163 at vowel midpoint. The fricative center of gravity was 3426 Hz. Formant values for /si/ were F1 ϭ 347, F2 ϭ 2655, F3 ϭ 3294, and F4 ϭ 4129 at vowel midpoint. The fricative center of gravity was 6904 Hz. Stimuli were presented in sound field at 64 dB peSPL (calibrated at ear level using a Bruel & Kjar 2218 sound level meter), 1 meter from the participants with a JBL Professional LSR25P Bi-Amplified speaker at 0 degrees azimuth.
Hearing Aids
Two behind-the-ear hearing aids with stock earmolds were used. According to the manufacturer's specifications, the frequency range of these hearing aids extends from 210 to 6500 Hz. With an input of 60 dB SPL, the peak full-on gain is 53 dB and high-frequency average full-on gain is 49 dB. The hearing aids were omnidirectional with output limiting compression circuits. Output limiting provides linear amplification except near the output saturation point, where a compression ratio of 8:1 is used (attack time: up to 1 msec; recovery time: 50 msec). The amount of gain provided by the hearing aids was verified in a 2-cc coupler before each test session using the Fonix 6500 electroacoustic analyzer. With an input of 60 dB SPL, gain settings were adjusted to be within 12 to 15 dB gain at 1000 Hz, 17 to 19 dB gain at 2000 Hz, and 24 to 26 dB gain at 3000 Hz. The volume wheel was fixed so that subjects could not adjust the amount of gain provided by the hearing aid. Electroacoustic testing of both hearing aids revealed compression knee points approximating 75 dB SPL.
Aided acoustic recordings measured at the output of the hearing aid are shown in Figure 4 . They were recorded with the use of a probe microphone system in the ear of the Knowles Electronics Manikin for Acoustic Research (KEMAR; Burkhard & Sachs, 1975) . As shown in Figure 4 , the difference between vowel onset for the amplified /si/ and /͐i/ stimuli is 30 msec, suggesting that the boundary between the fricative and vowel (the CV transition) is preserved with these particular hearing aid settings. Also, the two recordings were audibly different, sounding like /si/ and /͐i/ when verified by the investigators and the normal-hearing listeners.
Electrophysiology
Stimuli were presented in sound field to the participants, who were seated in a sound-attenuated booth. A PC-based system controlled the timing of stimulus presentation and delivered an external trigger to the evoked potential recording system (Neuroscan TM ). Each stimulus was presented in an aided and an unaided condition. In other words, during the first recording session, 300 presentations of the stimulus /si/ were delivered in an unaided condition. This procedure was repeated using the stimulus /͐i/. Hearing aids were then placed on the individual and the procedure was repeated in the aided condition. Once again, order of testing was counterbalanced.
To allow for a sufficient refractory period between stimulus presentations while minimizing total recording time (Picton, Woods, Baribeau-Braun, et al., 1976) , the interstimulus interval was 1910 msec. Stimulus presentation order was randomized across subjects. Subjects were instructed to ignore the stimuli and watch a closed-captioned movie of their choice. They were also asked to minimize head movement and were given 5-minute breaks between recording conditions. Evoked potential activity was recorded by using a 32-channel Neuroscan TM Quik-Cap system. The ground electrode was located on the forehead and the reference electrode was placed on the nose. Eye-blink activity was monitored by using two additional channels with electrodes located superiorly and inferiorly to one eye and at the outer canthi of both eyes. All artifacts (ocular or otherwise) exceeding Ϯ70 microvolts were rejected from averaging. The recording window consisted of a 100-msec prestimulus period and a 1400-msec poststimulus time. Evoked responses were analog band-pass filtered on-line from 0.15 to 100 Hz (12 dB/octave rolloff). With the use of a Neuroscan TM recording system, all channels were amplified with a gain ϫ 500 and converted by using an analog-to-digital rate of 1000 Hz. After eye-blink rejection, the remaining sweeps were averaged and filtered off-line from 1.0 Hz (high-pass filter, 24 dB/octave) to 20 Hz (low-pass filter, 12 dB/octave).
Amplitude values for N1 and P2 were based on peak measurements, relative to baseline. Latency ranges were first identified by using the grand averaged waveforms. N1 to consonant onset was defined as the largest negativity occurring between 115 and 200 msec; P2 to consonant onset was the largest positivity occurring between 205 and 305 msec; N1 to vowel onset was defined as the largest negativity occurring between 295 and 370 msec after stimulus onset; and P2 to vowel onset was the largest positivity occurring between 380 and 465 msec.
Statistical Analyses
Separate analyses were completed for the three questions of this study. Test-retest reliability was analyzed with the use of intraclass correlations,* which take into account both amplitude and latency differences (across the entire waveform) between the test and retest sessions. Effects of amplification were evaluated using two (one for latency and one for amplitude) 2 ϫ 4 repeated-measures ANOVA comparing amplification (amplified versus unamplified) and peak (N1 to consonant onset, P2 to consonant onset, N1 to vowel onset, and P2 to vowel onset). Finally, to examine whether distinct neural patterns were present for /si/ and /͐i/, planned comparisons were completed on the latency and amplitudes of N1 peaks for /si/ and /͐i/ waveforms.
RESULTS
Test-Retest Reliability
Similar to our previous study (Tremblay, Friesen, Martin, et al., 2003) , the intraclass correlation statistic was selected for test-retest comparisons because it accounts for both latency and amplitude differences across the entire waveform. Aided grand mean (top) and individual (bottom) test-retest waveforms, recorded from electrode site Cz, are shown in Figure 5 . Similar to the unaided reliability reported in our previous study (range ϭ 0.60 to 0.94), correlation coefficients () suggest good test-retest aided reliability (range ϭ 0.65 to 0.90). Although peak amplitudes appear less stable in some individuals (e.g., S3 and S4), overall neural response patterns are remarkably stable from test to retest.
Amplified test-retest recordings are stable at multiple electrode sites. Scalp topography is shown in Figure 6 . This figure shows that neural activity recorded from electrode site Cz is representative of patterns seen at surrounding electrode sites, and the distribution of recorded scalp activity is consistent with that reported in the N1-P2 literature. That is, maximal response N1-P2 amplitudes are obtained at midline-central scalp locations (Cz, FCz), and inverted polarities are recorded below the Sylvian Fissure (T7, T8; Vaughan & Ritter, 1970) .
Effects of Amplification
The effects of amplification were analyzed statistically by comparing aided and unaided potentials recorded in the first test session from electrode site Cz. Results are shown in Figure 7 and in Table 1 . A repeated-measures ANOVA, comparing peak latencies (N1 to consonant onset, P2 to consonant onset, N1 to vowel onset, and P2 to vowel onset) across unaided and aided conditions for the /͐i/ stimulus, revealed no significant main effect for amplification (F ϭ 0.448, df ϭ 1, p ϭ 0.52). This was also true for peak amplitudes (F ϭ 1.136, df ϭ 1, p ϭ 0.31). For the /si/ stimulus, there was also no main effect for latency (F ϭ 0.418, df ϭ 1, p ϭ 0.53); however, there was a main effect for amplification when using a type I error criteria of 0.05 (F ϭ 4.979, df ϭ 1, p ϭ 0.046). Even though it appears that the effect of amplification might be greatest for onset of the vowel, there was no significant amplification ϫ peak interaction (F ϭ 0.357, df ϭ 3, p ϭ 0.78), suggesting the effects of amplification were not isolated to a specific peak.
Because only subtle amplification effects were seen at electrode Cz, and these effects were seen only for the /si/ stimulus, it was important to know if there were amplification effects beyond electrode site Cz. Therefore, global field power measures, which quantify the instantaneous global activity across the entire scalp (Skrandies, 1989) , were conducted. As shown in Figure 8 , there are no significant differences between unaided and aided measures, in both /si/ (F ϭ 0.637, df ϭ 1, p ϭ 0.440) and /͐i/ (F ϭ 0.092, df ϭ 1, p ϭ 0.766) stimulus conditions, when all electrodes are considered.
Distinct Neural Patterns
Aided neural response patterns evoked by the stimulus /si/ are different from those evoked by /͐i/ (Figure 9 ). Consistent with our previous unaided findings, Bonferroni-adjusted paired comparisons reveal an earlier N1 response to the vowel of the /͐i/ stimulus, when compared with /si/ (peak 2: t ϭ Ϫ5.105, df ϭ 6, p ϭ 0.002). However, unlike our unaided findings the N1 response to the consonant /s/ is not larger in amplitude than the response to /͐/ (peak 1: t ϭ 1.84, df ϭ 6, p ϭ 0.12).
DISCUSSION
The purpose of this study was to determine if cortical evoked potentials could be used to assess the neural detection of speech sounds in individuals wearing hearing aids. Specifically, we were interested in determining if (1) evoked potentials elicited by amplified speech sounds /si/ and /͐i/ can be recorded reliably in individuals, (2) amplification alters neural response patterns, and (3) different amplified speech sounds evoke different neural patterns. Ilmoniemi, et al., 1998); however, there was reason to believe that processed (amplified) sounds, when delivered in sound field, might be less stable. In this study, we found test-retest reliability to be remarkably good in both unaided and aided conditions.
(2) Does Amplification Alter Neural Response Patterns?
It is well documented that with increased intensity levels, N1-P2 amplitudes increase and latencies decrease in normal-hearing adults (Adler & Adler, 1989 , 1991 Butler, 1968; Naatanen & Picton, 1987; Rapin, Schimmel, Tourk, et al., 1966; Sugg & Polich, 1995) . Therefore, one might expect that amplification (i.e., increased intensity) would result in similar morphological changes. However, only subtle amplitude changes were detected for the /si/ stimulus when analyzed from the electrode site Cz; this effect became less compelling when the entire scalp was analyzed, using global field power measures.
Why were there minimal amplification effects? Stimulus and amplification characteristics could have contributed. Recall in this study, normal-hearing participants (rather than people with hearing loss) were tested. This population was chosen because cortical potentials are sensitive to peripheral pathology, making it difficult to separate the effects of hearing loss and amplification in people with hearing loss. To better understand the effects of subtle manipulations made by the hearing aid device, we tested normal-hearing listeners that could easily perceive the speech sounds used to evoke the neural response patterns. However, the stimulus presentation level was 64 dB peSPL, meaning the suprathreshold amplified stimulus sensation level approached 70 dB (i.e., 70 dB above threshold). According to Adler & Adler (1989) , the latency and amplitude intensity functions for the N1 response asymptote at sensation levels approximating 70 dB SL. This might explain why subtle suprathreshold intensity increases, provided by the hearing aids, did not result in robust amplification effects in our study. Although previous studies have shown changes in waveform morphology when comparing unaided and aided intensity thresholds, these studies were conducted on hearing impaired persons wearing hearing aids (Gatehouse & Robinson, 1996; Gravel, Kurtzburg, & Stapells, et al., 1989; Korczak, Kurtzberg, & Stapells, 2005; Kurtzberg, 1989; Rapin & Graziani, 1967) . Therefore, stimulus presentation levels were well below the suprathreshold levels used in this study. To better examine the effects of amplification, two alternative approaches might be to (1) study normal-hearing participants by using lower stimulus intensity levels or (2) study hearingimpaired participants at stimulus levels used in this study, resulting in sensation levels well below 70 dB.
An alternative explanation for not seeing robust amplification effects might be that the mild gain frequency aid provided by these hearing aids did not provide enough gain to alter neural response patterns. This explanation is unlikely, however, given that intensity changes of as little as 3 dB can evoke these potentials (Martin & Boothroyd, 2000) . It is also possible that hearing aid compression might have been activated and, in turn, limited the output. This possibility raises questions about the effects of compression on neural response patterns. In fact, this point emphasizes the importance of understanding the interaction between hearing aid settings, how these settings modify the acoustics of the signal, and the resultant neural pattern. It is possible that the basic principles underlying cortical evoked potentials do not apply when evoked by stimuli processed through a hearing aid.
Finally, with only seven subjects, we must also take into consideration the limited statistical power. Although small groups (such as this) are sufficient to see significant differences in neural patterns evoked by different speech stimuli (either unamplified or amplified), small sample sizes might be insufficient to observe more subtle effects of amplification (unaided versus aided). Therefore, in future studies, we propose to study larger groups of people (with and without hearing loss) to better understand the effects of amplification as well as the generalizability of this research to people with hearing loss. Acoustically, the naturally produced Nonsense Syllable Test versions of /si/ and /͐i/ used in this study differ in many ways. One difference is the length of frication, which affects time of vowel onset. As seen in Figure 3 and Figure 4 , the mild highfrequency emphasis hearing aids used in this study appear to alter the CV ratio and amplitude envelope. Even though the CV transition appeared less distinct, the 30-msec vowel onset difference seen in the unprocessed condition remained visible. Similar to our unamplified findings (Tremblay, Friesen, Martin., et al., 2003) , the N1-P2 response corresponding to vowel onset was significantly earlier for the /͐i/ stimulus.
Interestingly, we previously reported that the N1 corresponding to the acoustic onset of /s/ was greater in amplitude than /͐/ (Tremblay, Friesen, Martin, et al., 2003) . This differentiation was not seen once the speech tokens were processed by the hearing aid. The fact that amplified /s/ and /͐/ stimulus portions did not significantly differ in response amplitude might imply that amplification modified the fricative portions, making them more similar. Although speculative, perhaps some of the high-frequency energy in /s/ was not amplified, making /s/ more similar to /͐/. To examine this interpretation, paired t-tests were used to compare the unaided and aided responses to the fricative portions alone (Figure 7 , peak 1). In short, no significant effects of amplification were found for /s/ (t ϭ 0.36 df ϭ 6, p ϭ 0.73) or /͐/ (t ϭ 1.21, df ϭ 6, p ϭ 0.27).
CONCLUSIONS
To summarize, speech-evoked cortical potentials can be recorded reliably in individuals in both aided and unaided conditions. Hearing aids that provide a mild high-frequency gain only subtly alter amplitude waveform morphology relative to unaided recordings. Finally, if the CV boundary is preserved by the hearing aid, it can also be detected neurally, resulting in different neural response patterns for /si/ and /͐i/.
Our results suggest that measuring neural response patterns in individuals with hearing aids can be done; however, an understanding of the effect of amplification has yet to be determined. Factors that might have contributed to the surprisingly minimal amplification effect include limited statistical power, stimulus presentation level, and hearing aid processing characteristics. Previous attempts, using the auditory brain stem response (Beauchaine, Gorga, Reiland, et al., 1986; Brown, Klein, & Snydee, 1999; Gorga, Beauchaine, & Reiland, 1987; Hecox, 1983; Kileny, 1982) , were also motivated by the belief that a measure of neural encoding might help determine if hearing aid modifications should be made to optimize user performance. However, brief-duration stimuli (clicks and tone pips) are required to elicit the auditory brain stem response, and these stimuli did not effectively activate the hearing aid circuitry. Researchers concluded that brief-duration stimuli should not be used in studying aided evoked potentials (Brown, Klein, & Snydee, 1999; Gorga, Beauchaine, & Reiland, 1987) .
In contrast to the auditory brain stem response, cortical potentials can be evoked reliably by naturally produced speech tokens that are longer in duration and evoke distinct neural response patterns. These results renew an interest in using physiological measures during auditory rehabilitation. From a clinical perspective, if performance is poor and CAS encoding is "abnormal," then rehabilitation might focus on more peripheral contributors, such as the interaction between amplification and the periphery. It may be that a simple change in hearing aid setting helps to maximize neural encoding. Conversely, if perception is poor but neural response patterns appear "normal," then rehabilitation might focus on higher cognitive processes to make better use of this neural code. This might be accomplished through auditory training (Tremblay, Kraus, McGee, et al., 2001; Tremblay & Kraus, 2002b) .
Despite the possible scenarios, a better understanding of how amplification affects neural response patterns is still needed. Although this can begin by studying the effects of modified hearing aid settings on evoked neural activity, ultimately the relationship between these neural response patterns and perception will be the most important link of investigation. It is this link that might shed light on the problem of performance variability among hearing aid users and provide alternative physiological approaches to rehabilitation.
